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Albert de Roeck \EXho rtation"

Issuesfor Extra Dimension analysesfor expermimentalists

include processesn MC Generatos

include completeinformation in MC Generatos (spin carrelations! SUSY$ UED,...)
crosschecksbetweencodes/Monte Carlos

agreeon phasespaceavailablefor BSM at future exps. (constraintsfrom other data)
benchmak scenaios

preciseknowledgeof the SM background

higherorder carections

formalismuni cation

T W W W W W W W

Organization:
- this workshopMC4BSM - TeV4LHC

- EuroGdr - LesHouches( SLHA)
- Tools for SUSY and the New Physics

Tools Repository: http://www.ippp.dur.  ac. uk/ mornecarlo /BSM/
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Kaustubh Agashe
\Signals for a Warped Extra Dimension"

B Warped Extra Dimension ! Planck-weak scalehierachy problem, granduni cation,
dark matter candidate,...

B Kaluza Klein modes: SM elds haveexcitationsin the ED,
appeaing as heavyparticles from the 4D point of view:

B Signals at LHC: Direct Production of KK modes

(i) \Single" Production of SM KK modes(few TeV)

Excessof \right"-handed top pairsand W=Z's.
Angula distribution of top decg products: discriminatingfeature.

(i) KK GUT partnersof top ( < 1 TeV) providea dark matter candidate( 2).
Pair production of charged partners of DM decg into DM and typically top

MissingEnergy+ Leptonsor Jets.
Fake SUSY,di er in e.g. angula distributionsor number of W's.
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Raman Sundrum

\W arped/Comp osite Phenomenology (Over-)Simpli ed"

R econnaissancéool for TeV Scale

B Simplecomputations B Economicalstructure
B Broadview of particle physics,multiple channels 8 Easilycompaed to other scenaios
B Easilytinkeredwith B 75%right

) A coasedeconstructionof warped/composite scenaio

UV bra

potenrtial
seen bY 3
KK excitatwons

From warpinj

Developingsafe,interesting,
representativeversions

e Extrex Dirrmensrers?

/ - - “discretizad
PLAYING HARD WALL

] ] “Te\VV brane
>
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Martin Schmaltz \Little Higgs Mo dels"

Motivation: Quadraticdivergencest 1 loop in SM
General features: New bosonicsymmetry \L.H. partners", couplingrelations
T-parity: No tree levelprecisionEW  no tuning

Pheno: Pair prod, cascadedecys, missingE;, DM

\Little HiggsM-Theay" (Cheng,Thaler,Vng)

minimal

moose T
minimal ? One Lagrangianin Monte Carlo:
di erent parameters
simulatedi erent models
simplest holographic
simplest T
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Peter Richardson \HERWIG and PYTHIA"

HERWI@YTHIA Monte Calo Event Generatos

Monte Carlo Event Generators: Programswhich, starting with somefundamentalprocess,
predict the stable particles which will interact with a detecta.

How to implement new models? Paradigm change2001

Les Houches Accord in 2001: Agreementon a method of passinginformation betweenprograms
generatingpartonic processe®nd generalpurposeeventgeneratas - basedon a commonblock.
(Implementedin HERWI@nd PYTHIA

Implementation of a new processin a generator: \Do it yourselfusingthe LesHouchesAccad"

Tutorial to help with this:
http://www.ippp.durha m.ac.u k/monte car lo/ les houches/tu tor ial /

HERWIG+€++ helicity library is usedfor all matrix elementand deca calculations.

I Easiercoding of new matrix elementsfor production and decsyy.
| Easyto do spincarelations(accessto unaveragednatrix elements)
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Paul Langacker
\Higgs, neutralinos and exotics beyond the MSSM"

From the bottom up (top down): there may be more at TeV scalethan (minimal SUGRA)MSSM
(e.g. Z° extendedHiggs/neutralino, quasi-chiralexotics)

Dynamical term leadsto veryrich Higgs/neutralinophysicsat collidersand for cosmology

Experimental LEP SM and MSSM bounds may be relaxed by
singlet-doublet mixing

Reduced ZZ H; coupling Phenocan be
2. = (Rilcos +RiZsin )? very di ergnt
Incarporation
In codes!
1= v v a o .
E L e o MM Also, X! HA, Z width,
by > ¥ A ivi
N S mass, Z  Z° mixing,
BT —LEP”m“%%C# V minimum, RGE
5 ‘ 50 100 | 150
M  (GeV)
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David Kaplan
\Non-Standa rd Higgses in SUSY"

h! Njets in SUSY

LEP Bound on SM Higgs: 114.4GeV.
Both SUSY and EW PrecisionData prefer a lighter Higgs.
Add B- or newsingletsto the MSSM, and the Higgs could dominantly decgy to multiple jets.

Boundreducedto 82 GeV.

Invisibleat the LHC?

New LEP Il analysisand Tevatronstudiesmight coverthis blind spot.
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Devin Walker
\New Physics with LHCFast"

LHCFast A toolkit to e ciently/quickly go from theariesto colliderobservables.

Consistsof three parts:

LHCFastl: Calculatesmatrix elementsetc.

LHCFast2: Imports matrix elementsto shavering generatas.
LHCFast3: Convertshistogrammeddata to plots.

Improvementscompaed to existingpaclkages:

- Functionality/speedincreaseswhengoing from Lagrangianto plots

- Input of full helicity information possible

- Upgradesnot necessgy (if LesHouchesAccad, batch run commandsremainthe same)

Littlest Higgs with T-parity: discretesymmetryto amelioate the \Little Hierachy Problem"
- Viable Dark Matter Candidate

- Simila to R-paity in the MSSM

- New T-odd particles, transfaming as P54 ! Podd

- Simulation: Theayy ! t+ Anheavy, Aneavy DM candidate

Will becomepublic after somemaore tests.
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Matthew Schwartz
\Imp roving Event Generators using SCET"

B BSM physics:simulateaccuratelythe SM background
B Dierent appoximationsin di erent eventgeneratos  dicult to estimatethe erras.

B QCD calculationsinvolvelogaithms of many scales

B Soft Collinear E ective Theory sepaates naturally the scales:
predictionscan be systematicallyymproved
consistentperturbation expansion

erras can be estimated

Eliminate a lot of guesswrk in trusting MC programs.
Reduceone of the dominant sourcesof uncertainly in eventgeneration.
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Michael Peskin
\BSM processeswith Pandora"

provide a toolbox for creatingeventgenerataos for generalphysicsprocesses
extensiblecode that makesit easyto changeparticle couplingsand deca/ chains
full accountingof (longitudinal) polarization

- Originally develogd for NLC/ILC studies

- Pandca: paton leveleventgenerato in C++ with an interfaceto PY THIAhadronization

- Interfacewith Tauola to generatelong. polarized decys

To Do

inclusionof e"e | SUSY processesnd decys and test the underlyingstructure
inclusionof UED by generalizationof the SUSY classes

constructionof beam (parton densiy) classedor pp collisions

o W W W

implementationof LesHouchesAccad, full colar connectionstructurein LEventand
pandaa_pythia
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StephenMrenna

\BARD"

Bottom-Up Algorithm
to explainan observeddiscrepancyin the data

e" e bb Final State

BARI starting point: Excessn data

0.20 1 \
0.107 \

\

005 \\ W Determinenew terms describingbest observeddiscrepancy:
1 [ILO L;o SJIOLLILHOLOJMLL Ly = Lgpmt Lnew

Y pr (Gev)

Events per GeV
o
o

Bottom-Up Approach: BAR@bleto perfaom more targeted seach than those scanningmodel
parameterspaces
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Elizaketh Simmons
\Tw o Brief Sketches: (1) Higgsless Mo dels
(2) Z 9 preferring the 3rd generation”

A Simple 3-Site Mode

SU(2)! SU(2)! U(1) o, 2! Q1

" N A /]
/ /oo~
/} ,/ | \T\
7 7 %)
| 7 7 ~_-

_— RH Bounday Fermion

LH Bounday Fermion \ T o
\ OBulk &mionO
| | .
Li = I.M "ol 1"r1+ M'GRy" 1+ MG, R “R2 4 he

'vr  dr2
Fermion Structue Motivated ly 5-D
Flavor Structure Identical to StanddrModel

Paticles:photonW, WO,Z, Z&, T,b, B
(c,C,s,S,u,U,d,D & leptons)
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Hsin-Chia Cheng
\Universal Extra Dimensions"

Many candidates for new physics have similar signatures at the LHC
- Supersymmetrywith R-paity
- Little Higgs Thearieswith T-parity
- UniversalExtra Dimensiong UEDS)

Two robust distinctions between UEDs and SUSY:

- KK excitationsand superpatners havedi erent spin.
- There are higherlevelsof KK excitationsin UEDs.

Need to measure the spin of the produced particles: e ph/0405052 |
. . H SmilleWebberhep-ph/0507170
NeedMC tools which keepspin correlations. Datta Kong Matohe hep.ph/0500246

pppppppppp

Some public and private tools are available.
More completeMC tools are neededio study and distinguishvarious possibilities.
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AlexanderPukhov
\CalcHEP for beyond Standard Mo del Physics"

Paclkagefor the computationof Feynmandiagramsand
integration over multi-particle phasespace
eventgenerationand
matrix elementgenerationfor other programs.

- From Lagrangiango nal distributionswith a high levelof automation.
- Very exible with respect to the installation of new models

LanHEP package (Andrei Semenoy:
Generationof model les, simpli es signi cantly the constructionof lagrangiansase.g. SUSY

Interface
I with Pythia via SUSYLesHouchesAccad

BSM implementations: MSSM, NMSSM, CP violating MSSM, ED models,LZP model,
leptoquark model, Little Higgs model
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ShufangSu: \Study Twin Higgs with CompHEP"

Twin Higgs Model: Higgs as pseudo-Goldstone boson
Quadraticdivergencdorbiddenby left-right symmetry

New Particles:

Heavygaugeboson: \WH;ZH; HeavyTop: TH

Other Higgses:Neutral Higgs °, Chaged Higgs

Higgscoupleto gaugebosonsonly: H, ;HY (Dark Matter Candidate)
Mo del Parameters: fq; (f2;y), . M, p§

Using CompHEP CreateModel: Variables,constraints,particles, Lagrangian
Production crosssection Particle Decays Signal/Background

10° ‘ ‘ ‘ TH decy BR 10"

W | | —ITwinHiggs
—SM

b * 7300% 10_17 LHC pp — e+e-

bW*  16.00% |

(faiGeV)

s (B
ete-

tz 6.80%  :
;E’ 107}
t O 3.20%
a 4 ‘ ‘ .
Wo00 2000 3000 4000 5000 tH 1.10% 400 1600 & 180(?39,\/) 2000 2200

mass (GeV) ote-
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Matt Reece
\T op partners at the LHC:
Mass and spin measurement"

Studied Signal: t%%! tt+ 2N

Implementation in MadGraph

The signalcan be found in the hadronicchannelup to high masses
Massesof t®and N can be found up to discretedegeneracyrom spin of t°

The spin of the t° can be determined(with very high luminosity) from an asymmetryor
pseudoapidity carelationssensitiveto overallboost

N spinand couplingsare harder: try other asymmetriesspin carrelations...
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AlexanderBelyaev

\Little Higgs w/ T-parity in CalcHEP"

B Completeimplementationof LHT in CalcHERP LanHEP CalcHEP
Independentimplementationwas important!

All signaturesrelevantfor LHC classi ed
term quak production suggested
New signatures,ncl. LSL havebeennoticed

Importance of non-decouplinge ects for heavybosonpair production hasbeenshown.
Heavybosonpair production had beenover-estimatedoreviouslyby a factor 2-5

B CalcHEP-PYTHIAnterface
go beyond paton leveland understandthe signalobservabiliy - analysison the way
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Jay Hubisz
\Little Higgs w/ T-parity in MadGraph"

MadGraph: calculatesarbitrary tree levelhelicity amplitudes,e cient for N > 4

How to input BSM into MadGraph
Fortran code with couplingsand widths compiledinto MadGraph
New Particle: Name-Spin-Mass-Width-CotePDG Code

Widths needed!
MadGraph- CalcHEPinterface
input: particlesto decgy + valuesof free parameters
output: widths and BRsfor requestedparticles
MadGraphmodi ed to readin tablesof widths and valuesof free parameters

Distinguishing models
Generic:Missingenergy+ cascadeadecass
distinguishingcharacteristics: spin and couplingsof new particles
MadGrapho ers compaison of di erent BSM physicsand their collider signatures
spininformation is preserved
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A bout T ools
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Cross T alks { SLHA

Many tools! needto unify ! Accord

The SUSY Les Houches Accord

Interfacing SUSY Spectrum Calculatas, Decay Packagesand Event Generateos

P.Skands, B.C. Allanach, H.Baer, C.Balzs, G.Belanger,F.Boudjema,
A.Djouadi, R.Galbole, J.Guasch,S.Heinemegr, W.Kilian, J.Kneur,
S.Kraml, F.Moortgart, S.Maretti, M.Muhlleitner, W.Porod, A.Pukhov,
P.Richadson, S.SchumannpP.Slavich,M.Spira, G.Weiglein

JHEP 0407:036[hep-ph/0311123]

http://home.fnal.gov/ skands/ slha
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W hat 1s the SLHA ?

SLHA

Input
SUSY Models » | Spectrum Calc
- MSSM - CPSUPERH
- SUGRA - FeynHiggs
- GMSB - ISASUSY
- AMSB - NMHDECAY
- RPV - SOFTSUSY
- CPV - SPHENO
- FLV - SUSPECT
- NMSSM

SLHA Input

- + Spectrum

/

Dark Matter

- micrOMEGASs
- DARKSUSY
- NeutDriver

\

Decay Codes

FeynHiggs
HDECAY
NMHDECAY
SDECAY

SLHA Input

+ Spectrum

(+ Decay g
Table)

Event Gen./
Cross Section Calc

SLHA Input

+ Spectrum
+ Decay Table

- Calc/CompHEP
- AF's SLEPTONS
- Grace

- HERWIG(++)

- ISAJET

- PROSPINO

- PYTHIA

- SHERPA

- SMadgraph

- SUSYGEN

- WHIZARD
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Starting P oint (for the following discussion)

Consistency
De ne parametersconsistentlyand unambiguously speci ¢ conventionsadopted

Flexible/Extendable

Structure shouldbe generalenoughto eventualy handleany model! les built
of modular data blocks.

Usable

Easyto implementto use! keepbasicstructure simple.
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W hat Is needed to 'specify’' a SUSY model

Specify experimental boundary conditions
measuredSM gaugeg?®" and Yukawa couplingsY,=

De ne the Superpotential
Yiik; (HO: at scaleQ, e.g. in the DR scheme) W

De ne the SUSY breaking terms
Soft breakinggauginomasses\;, scala massesn;; ; b , andtrilinear Aj  terms
(HO: at scaleQ, e.g. in the DR scheme)

Work out the physical spectrum
Pole massegfor kinematics),and couplings(for ME's), incl. mass$ current eigenstate
transl., and for HO calcs. all defs. in a usefuland well-de ned renamalization scheme/scale.
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# ——————=—=—=——=—==—====
# | THESDECAYOUTPUT
# ————————=—=——=——==—====
BLOCKDCINFO # Decay Program information
1 SDECAY # decay calculator
2 1lla # version number
BLOCKSPINFO # Spectrum calculator information
1 SuSpect # RGE+Spectrunctalculator
2 2.33 # version number
BLOCKMODSEL# Model selection
1 1 mSUGR#Aodel (cMSSM)
BLOCKMINPAR # Input parameters
1 1.00000000E+02 # mO
2 2.50000000E+02 # m_1/2
3 1.00000000E+01 # tan(beta)
4 1.00000000E+00 # sign(mu)
5 -1.00000000E+02 # AO
BLOCKSMINPUTS# Standard Model inputs
1.27934000E+02 # alpha_em”-1(M_2Z)*MSbar
1.16639000E-05 # G_F[GeV~-2]
1.17200000E-01  # alpha_S(M_Z)*MSbar
9.11870000E+01 # M _Zpole mass
4.25000000E+00 # mb(mb)*MSbar
1.78000000E+02 # mt pole mass
1.77700000E+00 # mtau pole mass

~N o o0k~ WODN PR



#

BLOCKMASS # Mass Spectrum

# PDGcode mass particle
24 8.05247623E+01 # W+
25 1.11958472E+02 # h
35 4.04267792E+02 # H
36 4.03911084E+02 # A
37 4.12114996E+02 # H+

5 4.87884274E+00 # b-quark pole mass calculated from mb(mb) Msbar
1000001 5.68219389E+02 # ~d L
2000001 5.46046688E+02 # ~d R
1000002 5.62724463E+02 # ~u L
2000002 5.46320906E+02 # ~u R

i

BLOCKNMIX # Neutralino Mixing Matrix
1 1 9.86499760E-01 # N_11

1 2 -5.35875238E-02  # N_12

1 3 1.45530023E-01 # N_13

1 4 -5.26081111E-02 # N_14

i

BLOCKUMIX # Chargino Mixing Matrix U
1 1 -9.18076565E-01  # U_11
1 2 3.96403104E-01 # U_12



#
BLOCKHMIX Q= 4.65294920E+02 # DRbar Higgs Parameters
1 3.62362517E+02 # mu(Q)
2 9.73343673E+00 # tanbeta(Q)
3 2.44829722E+02 # vev(Q)
4 1.69925064E+05 # MA"2(Q)
#
BLOCKGAUGE)= 4.65294920E+02 # The gauge couplings
1 3.60897241E-01 # gprime(Q) DRbar
2 6.46514992E-01 # g(Q) DRbar
3 1.09620534E+00 # g3(Q) DRbar
#
BLOCKAU Q= 4.65294920E+02 # The trilinear couplings
1 1 -6.70201242E+02 # A u(Q) DRbar
2 2 -6.70201242E+02 # A _c(Q) DRbar

# s e

# |The decay table|

# ————————————————=c

# PDG Width

DECAY 1000021 4.46580230E+00 # gluino decays

# BR NDA ID1 ID2
2.12433782E-02 2 1000001 -1  # BR(~g-> ~d_L db)
2.12433782E-02 2 -1000001 1 # BR(~g-> ~d L*d)
5.10105203E-02 2 2000001 -1  # BR(~g-> ~d_R db)



Aim
reviewmain calculationaltools, includinggenerataes & Monte-Calos
for BSM particle seaches

at present& future colliders
and in non collider physicsexperiments(! DM seaches)

Talks
Discussiorsessions
Round tables:

how to improve the existing programs
how to incarporate di erent existingconstraints
how best presentfuture data
how modulesfrom di erent codescan be sewntogetherand interchanged

http://lappweb.in2p3  .fr/f TOQS206
toolsO6@lapp.in2p3.fr

MC4LHC 17-26 Jul 2006, CERN/Geneva
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Conclusions

Thanksto the Organizers!

See you in Annecy!
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